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Chapter 2 

Design and synthesis of stable non-

functionalized polythiophenes  
 

This chapter describes the design and synthesis of non-functionalized polythiophenes with 

an increased stability towards oxidation by air and water. These polymers were synthesized 

by co-polymerization between several (new) cross-conjugated thieno[2,3-b]thiophene 

derivatives and alkyl-bithiophene  monomers. The syntheses of both thieno[2,3-b]thiophene 

monomers and the alkyl-bithiophenes were optimized. The resulting reference polymers 

were tested in organic field effect transistors. 

 

 

*Part of this work was published: 

 

Maddalena, F. Spijkman, M. Brondijk, J. J. Fonteijn, P. Brouwer, F. Hummelen, J. C. de Leeuw, D. 

M. Blom, P. W. M.; de Boer, B. Organic Electronics 2008, 9, 839-846. 

 

Maddalena, F. Kuiper, M. J. Poolman, B. Brouwer, F. Hummelen, J. C. de Leeuw, D. M. De Boer, 

B.; Blom, P. W. M. J. Appl. Phys. 2010, 108, 124501. 
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2.1   Introduction 

The application of conjugated polymers in (bio)sensor devices was extensively discussed in 

Chapter 1, paragraph 1.4. Most of the sensor devices presented were made of 

electrochemically polymerized functionalized monomers on a metal electrode and detection 

of the analyte was measured by a shift in the oxidation or reduction potential upon binding. 

For the polymerization of monomers with aliphatic side groups, this is a very easy and useful 

method, but for more delicate systems electrochemical polymerization should be avoided. 

Electrochemical polymerization involves the generation of radical cations1,2. The 

polymerization proceeds through a series of radical coupling reactions and electrochemical 

re-oxidations, very similar to the oxidative polymerization reaction, with for example, FeCl3.
3  

The very high reactivity of the propagating species ensures the formation of some kind of 

polymeric material, but selectivity is low, leading to many possible side reactions and in most 

cases the materials are insoluble after the polymerization, making detailed analyses of the 

materials very difficult. There is, therefore, a need for well-designed, chemically prepared 

conjugated materials with well-defined structures4.    

For a highly sensitive organic biosensor a material must have a well-defined structure,  but 

one also has to look at the device architecture itself. As presented in paragraph 1.4 organic 

biosensors are often based on voltametry, but that is not the most sensitive method5.  Using 

a field effect transistor (FET) as transducer, as is done extensively in the the field of 

inorganic biosensors, should result in devices with higher sensitivities. Beside the high 

sensitivity there is small size, fast response, high reliability, low power consumption, and 

high-density fabrication methods.  The possibility of on-chip integration of biosensor arrays 

makes the FET architecture even more interesting6.  

These aspects were combined in our Bio-FET research project and the design and 

synthesis of the conjugated material is presented in this thesis.  

 

2.2   Synthesis 

It is very important that the polymers have a high mobility in a FET and be stable under 

ambient conditions, but designing a complete new polymer system for the BioFET would be 

too time consuming. We therefore decided to use a known polymer system as our starting 

point. McCulloch et al. presented the use of the cross-conjugated thieno[2,3-b]thiophene as 

a co-monomer with 4,4-dialkyl-2,2-bithiophene as a way to break the conjugation (increasing 
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the stability) while retaining the π-stacking ability of the resulting polymers7. Mobilities in a 

FET up to 0.15 cm2/ V s were measured in devices that remained functional for days in air. 

The polymers where synthesized using a Stille-type copolymerization with stannylated 

thieno[2,3-b]thiophene and brominated 4,4-dialkyl-2,2-bithiophene monomers (Figure 2.1). 

We began with this synthetic approach. By synthesizing the non-functionalized reference 

polymers, we could optimize the synthesis of the monomer and see if the reported stability 

and mobilities where reproducable.  Besides the ‘bare’ thieno[2,3-b]thiophene, we extended 

the series with the synthesis of methyl-, phenyl-, and tert-butyl functionalized thieno[2,3-

b]thiophene derivatives.  We also developed a new method for the synthesis of the 4,4-

dialkyl bithiophene monomers to facilitate the synthesize of the functionalized bithiophene 

monomers (which will be presented in Chapter 3).  

 

Figure 2.1 The co-polymerization of the reference polymer as described by McCulloch et al..  

 

2.2.1   Synthesis of 2,5-di-trimethylstannyl-thieno[2,3-b]thiophene 

Several synthetic routes are known for the synthesis of thieno[2,3]thiophene8,9,10,11. These 

methods are, in general, based on a single or double ring closure procedure of several basic 

synthons to form a functionalized thieno[2,3-b]thiophene. For the synthesis of  

thieno[2,3-b]thiophene we decided to use the method as described by Kirsch at al.12 The 

reason for this choice is the use of well-established organic chemistry and the ability to 

synthesize the functionalized thieno[2,3-b]thiophene derivatives using this method. The 

method described by Kirsch is a modified version of the synthetic route presented by 

Gomper et al.9 in 1962. Gomper performed a one-pot reaction with malonitrile, carbon 

disulfide, methyl chloroacetate, and sodium methoxide to form dimethyl-3,4-diamino-

thieno[2,3-b]thiophene-2,5-dicarboxylate in 72% yield. Kirsch used the same carbon 
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disulfide and malonitrile as starting materials, but with a milder base (potassium carbonate) 

and the more reactive ethyl bromoacetate, making it possible to synthesize a large number 

of (functionalized) thieno[2,3-b]thiophenes under less rigorously-dry conditions.  Both 

methods are given in Figure 2.2 

 

Figure  2.2 The synthesis of dialkyl 3,4-diaminothieno[2,3-b]thiophene-2,5-dicarboxylate by (a) Gomper 

et al. (b) Kirsch et al..  

 

Unfortunately, reproducing the reaction proved to be rather difficult and the use of 3 eq of 

K2CO3 in DMF (as presented in literature) resulted in inconsistent results and low yields of 

the diethyl-3,4-diamino-thieno[2,3-b]thiophene-2,5-dicarboxylate 2.1. 1H-NMR Analysis of 

the crude reaction mixture (Figure 2.3d) revealed that a large part of the product was only 

partially ring-closed and trace amounts of completely ring-opened product were even 

observed.  

We looked at the different steps of the synthetic route and found that the limiting step was 

the ring-closure reaction. This type of ring-closure can be described as a Thorpe-Ziegler 

cyclization13,14 and should only need catalytic amounts of base, but the results showed 

otherwise. We were unable to determine the reason for this discrepancy, but the addition of 

extra base halfway through the reaction did result in complete ring-closure. A one-pot (but 

stepwise) synthesis proved to be the solution for this problem. By first adding enough base 

to form the ring-opened product, followed by in-situ ring-closure by adding 1.1 eq of base, 

we obtained the desired product. The best results were obtained when we combined the 

traditional synthetic route as described by Gomber and the new method of Kirsch. The first 

deprotonation and addition of CS2, followed by the second deprotonation, was done using 

sodium ethoxide, resulting in the ring-opened structure. By adding 1.1 eq of potassium 

carbonate to the mixture, 2.1  was reproducibly synthesized in 54% yield.   
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Figure  2.3 1H-NMR spectra of: d) crude reaction mixture using the standart Kirsch method c) ring-open 

intermediate, b) partially closed intermediate, a) the (closed) product made via the modified route. 
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Instead of a one-pot synthesis it is also possible to do the ring-closure in an additional step. 

Closure of the partially ring-closed intermediate (Figure 2.3b) obtained during the first 

incomplete reaction could be performed by refluxing in a solution of ethanol and 10% 

potassium carbonate for 6 hrs (yield: 77%). The completely open intermediate (Figure 2.3c), 

which was synthesized according to literature procedure9, could be closed by stirring at 

elevated temperatures with 1.1 eq of K2CO3 in DMF for 6hrs (yield: 69%).  In all cases, the 

pure product was obtained after recrystallization from ethanol.  

Deamination and hydrolysis of 2.1 was performed according to literature procedure12, 

yielding thieno[2,3-b]thiophene-2,5-dicarboxylic acid 2.3.  For the decarboxylation we 

deviated from the standard literature procedure12,15 of copper bronze in refluxing quinoline 

(bp. 237 °C at 760 mm Hg) because it is outdated and the use of cuprous salts in general 

give an increase in decarboxylation rate16,17,18 We therefore switched to Cu2O. We also 

decided to change the solvent because of the small difference in boiling point (224 °C vs. 

237 °C) between quinoline and thieno[2,3-b]thiophene which complicated purification. The 

use of pyridine as a solvent stated by Halfpenny et al.19 gave better results, but the lower 

reaction temperatures resulted in longer reaction times and lower yields.  Switching to the 

high boiling, dimethylacetamide (DMAc) gave the best results20. DMAc is also miscible with 

water which made purification easy and thieno[2,3-b]thiophene 2.4 could be obtained in 57% 

yield as a colorless oil after a simple extraction and flash column chromatography.  

 

Figure  2.4  Schematic representation of the synthesis of monomer 2.5.  
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Stannylation of thieno[2,3-b]thiophene was performed according literature procedure7, giving 

the thieno[2,3-b]thiophene monomer 2.5 in 73% yield as fine crystals. The schematic 

representation of the synthesis can be found in Figure 2.4. 

 

2.2.2   Synthesis of di-methyl-, di-phenyl- and di-tert-butyl- 

functionalized thieno[2,3-b]thiophene monomers  

For the synthesis of the thieno[2,3-b]thiophenes 2.6 and 2.7 the ring-closure was not a 

problem. Using the procedure described by Kirsh with our improved decarboxylation 

method, we obtained both products as crystalline materials in 79% and 53% yield 

respectively. The synthesis of diethyl-3,4-di-tert-butylthieno[2,3-b]thiophene-2,5-

dicarboxylate from 2,2,6,6-tetramethylheptane-3,5-dione was unsuccessful, probably 

because of the steric hindrance of the tert-butyl groups.  Stannylation of the monomers was 

performed following the same route as for the thieno[2,3-b]thiophene monomer 2.5.  The 

yields were respectively 45% (2.8) and 73% (2.9). 

 

 

Figure  2.5 Synthesis of the methyl- and phenyl-functionalized thieno[2,3-b]thiophene.  
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2.2.3   Synthesis of 5,5’-dibromo-4,4’-dialkyl-2,2’-bithiophene 

monomers  

 
Figure  2.6 Synthesis of the 5,5-dibromo-4,4’-dialkyl-2,2’-bithiophene monomers as proposed by 

McCulloch et al..  

  

Although the synthesis of the 5,5’-dibromo-4,4’-dialkyl-2,2’-bithiophene monomers was 

described in the original article of McCulloch7 we decided to deviate from this procedure. 

McCulloch synthesized the dialkyl-bithiophene monomers via a stepwise procedure; first, 

4,4’-dialkyl-2,2’-thiophene was synthesized via a selective lithiation of  

3-alkylthiophene, followed by oxidative coupling using CuCl2. The resulting bithiophenes 

where then brominated with NBS, yielding the desired monomers. The synthesis of 5,5’-

dibromo-4,4’-bis(decyl)-2,2’-bithiophene as described by McCulloch yielded the product in 

10% yield (2,94 g) after reverse-phase column chromatography.  The reason for this low 

yield is the unselective lithiation step, which does not selectively generate 5-lithio-3-alkyl-

thiophene, but is in equilibrium with 2-lithio-3-alkyl-thiophene21,22. The oxidative coupling 

with CuCl2 results in a mixture of 4,4’-dialkyl-2,2’-bithiophene along with 10-15% of the other 

isomers which can only be separated using reverse phase chromatography. Bromination of 

the impure mixture of isomers is not desirable and can lead to a mixture of several different 
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reaction products, making purification even more difficult. The low yield and difficult 

purification makes this method less suitable for the planned synthesis of the functionalized 

bithiophene monomers and we therefore searched for another route to synthesize the 

desired monomers.  

 

Figure 2.7 Isomer-free synthesis of 5,5-dibromo-4,4’-dihexyl-2,2’-bithiophene as proposed by Higuchi.. 

Higuchi et al. published the synthesis of 5,5’-dibromo-4,4’-dihexyl-2,2’-bithiophene in 1998.23 

Similar to the procedure by McCulloch, the lithiation is an equilibrium between the lithiation 

at the two and three position of the thiophene. The difference lies in the use of the large iron 

complex for the oxidative coupling, which according to Higuchi, causes steric hindrance and 

selective coupling, allowing them to obtain the desired monomer in one step in 55% (Figure 

2.7) as single isomer. Unfortunately our results with 2,5-dibromo-3-decylthiophene, were 

less successful. The crude product was obtained in 55% yield, but it was impossible to 

remove the unwanted HT and HH coupled isomers without using extensive chromatography 

methods (as was presented by McCulloch).  

From these results we concluded that finding a method that only produces TT-coupled 

product, or where the side products are not structural isomers, is essential for the successful 

synthesis of these monomers on a large scale, and selective metalation is the key step in 

that process. Similarly, selective metalation is the key step in the successful synthesis of 

RR-P3HT as described by McCullough24,25. It is therefore somewhat strange that the use of 

LDA as a metalating agent as described in that procedure, to our knowledge, has not been 

used to synthesize 5,5’-dibromo-4,4’-dialkyl-2,2’-bithiophenes. The high selectivity  of LDA 

(>95%) for metalation at the 5 position of 2-bromo-3-alkylthiophenes is due to the bulkiness 

of LDA and the fact that it does not metalate the bromide functionality, shielding the  

2-position even more. Using this knowledge we were able to synthesize the desired hexyl-

octyl-, and decylfuntionalized monomers (2.10 – 2.12) in moderate to good yields (Figure 

2.8). The 2-bromo-3-alkyllthiophenes were synthesized according to literature 

procedure26,27. Under the used reaction conditions, bromination readily took place with high 

regioselectivity at the 2-ring positions. The product was then metalated using LDA at -78 °C 

for one hour. One equivalent of CuCl2 was then added and the reaction was allowed to 

warm to RT temperature overnight. The synthesis was continued with a standard work-up 
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Figure  2.8 Synthesis of 5,5-dibromo-4,4’-dialkyl-2,2’-bithiophene as proposed in this thesis. 

and the products where purified by flash column chromatography, followed by precipitation 

in cold methanol and / or recrystallization from ethyl acetate or hexane. The side products 

formed during the synthesis are not structural isomers (see Figure 2.9), which makes 

purification easier compared to the routes described by McCulloch and Higuchi.  

 

 

Figure  2.9 Main product of the above discribed synthesis routes a) McCulloch et al. b) Higuchi  et al. c) 

this thesis.  

Using this method 2.10 was synthesized in 54% yield, 2.11 in 60%, and 2.12 in 84% yield. 

The products are analyzed by NMR and HPLC showed less than 4% impurities. The big 

advantage of this method is the scalability; we used this method for the synthesis of 5,5’-

dibromo-4,4’-decyl-2,2’-bithiophene 2.12  on a 20+ gram scale.  
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During the synthesis of these monomers, Tamaoki et al. published a new method to 

selectively synthesize 2.10 in 83% yield (993 mg) using a palladium-catalyzed C-H 

homocoupling28.  Besides the synthesis of 2.10 they also showed that it was suitable for 

unsubstituted 2-bromo-thiophene, 2-bromo-3-methylthiophene, 2-bromo-3-bromothiophene 

and even the functionalized 2-bromo-3-(4-hydoxybutyl)thiophene. Their method involves the 

use of a palladium catalyst (PdCl2(PhCN)2), silver nitrate, and potassium fluoride in DMSO 

at 60 °C.  The method was used by Fréchet et al.29 for the synthesis 5,5’-dibromo-4,4’-

didodecyl-2,2’-bithiophene in 32% yield (1.3 gram), however the expensive palladium 

catalyst makes this method less suitable for large scale synthesis of our desired bithiophene 

monomers.  

 

Figure  2.10 1H-NMR of 5,5’-dibromo-4,4’-decyl-2,2’-bithiophene synthesized using the method 

presented in this thesis.  
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Figure  2.11  13CNMR of 5,5’-dibromo-4,4’-decyl-2,2’-bithiophene synthesized using the method 

presented in this thesis..  
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2.2.4   Synthesis of the reference polymers 

 

 
Figure  2.12  Synthesized cross-conjugated polythiophenes P2-1, P2-2 and P2-3. 

McCulloch had shown that the best results where obtained using the 5,5-dibromo-4,4’-

didecyl-2,2’-bithiophene 2.12 monomer and we therefore decided to use this monomer for 

our first test polymerizations. The monomers were polymerized using the standard Stille 

polymerization method of tetrakis(triphenylphosphine)palladium(0) in toluene/DMF 3:1 with 

conventional heating30. The use of a palladium(0) instead of palladium(II) complex should 

reduce the amount of homo-coupling and the addition of DMF speeds up the reaction, 

reducing the amount of side products (as was discussed in paragraph 1.1.3). After an 

overnight polymerization the polymer was precipitated into methanol and purified using 

soxhlet extraction with methanol, acetone and chloroform. After a final precipitation P2-1 

was obtained in 87 % as a red powder, P2-2 in 51% as yellow powder and P2-3 in 92% as a 

green powder.  During polymerization of P2-2 the polymer precipitated from solution, which 

caused a low yield and lower molecular weight. The molecular weight of the polymers was 

determined using GPC (Table 2-1). Calibration against polystyrene is known to give an 

overestimation of the molecular weight. The optical properties of the polymer where 

analyzed using UV-Vis absorption (Table 2-1) and showed that the polymer P2-1 containing 

the bare thieno[2,3-b]thiophene has the smallest optical band gap. P2-3 is hypsochromically 

shifted almost 50 nm compared to P2-1, while the conjugation length of the polymer is the 

same (conjugation length is effectively limited by the cross-conjugation). Inductive effects on 



Chapter 2 

56   

the bandgap  are small and it is therefore more likely that these shifts in the optical band gap 

are a result of the twisting of the backbone caused by the methyl substituents. Extension of 

the conjugation path in P2-2 caused by the phenyl substituents results in a bathochromic 

shift of only 10 nm compared to P2-3.  

 

Table 2-1 Measured properties of the polymers; molecular weight (number average, Mn), molecular 

weight (weight average, Mw), molecular weight (Z-average, Mz), dispersity (DPI), degree of 

polymerization (Pn), Uv-absorption maximum (λmax) 

 P2-1 P2-2 P2-3 

Yield 87% 51% 93% 

Mn  (g/mol) 10100 3500 14100 

Mw (g/mol) 20200 6700 32700 

Mz (g/mol) 33800 12200 56000 

DPI  2.0 2.0 2.3 

Pn  21 5 23 

λmax (nm) 413 374 364 

 

 

2.2.5   Mobility and Stability measurements of the polymers   

The mobility of the polymers was measured in organic field effect transistors (OFETS). 

These OFETs were processed using heavily n-doped silicon wafers as bottom gate 

electrode, with a 200 nm thick thermally grown silicon oxide layer as bottom insulator with a 

capacitance of 17 nF·cm-2. Interdigitating gold source and drain electrodes were patterned 

on top of the oxide layer by conventional lithography. The oxide layer was treated with the 

primer hexamethyldisilazane (HMDS) in order to make the surface hydrophobic to improve 

wetting and prevent charge trapping at the interface. P2-1 (PDTT), P2-3 (PDTTME) and  

P2-2 (PDTTPh) were dissolved and spin-cast on top of the prefabricated substrates. More 

details can be found in the experimental.  

Measurements of the OFETs unfortunately showed that the mobility of the polymers 

containing the methyl- and phenyl-substituted thieno[2,3-b]thiophene was extremely low. 

The polymers were therefore not useful in our BioFET application. A possible explanation 

could be the non-planar configuration of the polymer backbone and therefore formation of 

less ordered domains in the film leading to a decrease in hopping ability. The measured 

mobility of PDTT (P2-1) was 7.2×10–4 cm2V-1s-1 at a gate voltage of -20V; considerably lower 
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than found by McCulloch. A direct reason for the lower mobility can not be given, one could 

speculate that the different polymerization method used by McCulloch gives polymers with a 

more regular structure and higher molecular weight.  

Despite the lower mobility, the oxidation stability of PDTT under ambient condition indeed 

showed a large improvement over conventional RR-P3HT. The measured values can be 

found in table 2-3.  While P3HT is completely doped within 10min in air, PDTT only shows a 

small drop in mobility and ON/OFF ratio.  In Figure 2.13 I/V-curves are presented of RR-

P3HT and PDTT in both vacuum as in air, which also show the improvement in oxidation 

stability of PDTT.  Based on these results it was decided to continue the project using 

thieno[2,3-b]thiophene as cross-conjugated monomer.  

 

Table 2-2 Measured mobilities and ON/OFF ratios of P3HT and PDTT in a FET setup under different 

conditions. The results show an increased oxidation stability of the PDTT polymer.  

  P3HT PDTT 

  Vacuum Air (10 min) Vacuum Air (3 h) Water 

Mobility (cm2V-1s-1) 10-4 - 10-3 Doped 1.6·10-4 1.0·10-4 7.5·10-5 

ON/OFF ratio 104 <10 105 104 102 
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Figure 2.13 FET Mobility measurement of rr-P3HT and PDTT in air and vacuum. 
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2.3   Experimental 

Measurements 

NMRs were measured using a Varian VXR-300 (300 MHz) or a Varian Gemini-200 (200 

MHz) instrument at 25 ˚C. FT-IR spectra were recorded on a Nicolet Nexus FT-IR 

spectrometer. Solids were measured in KBr using a Smart Collector DRIFT setup. ATR-IR 

spectra where recorded on a Bruker IFS88.  GPC measurements were done on a Spectra 

Physics AS 1000 series machine equipped with a Viskotek H-502 viscometer and a Shodex 

RI-71 refractive index detector. The columns (PLGel 5μ mixed-C) (Polymer Laboratories) 

were calibrated using narrow disperse polystyrene standards (Polymer Laboratories). 

Samples were made in chloroform at a concentration of 1 mg/ml.  Mobilities were 

measrused using a Keithley 4200 semiconductor parameter analyzer. 

 

Materials and Methods 

All reagents and solvents were purchased from commercial sources and used without 

further purification unless indicated otherwise. Kumada, Stille, and Suzuki coupling reactions 

were performed under dry conditions and nitrogen atmosphere. 

 

diethyl 3,4-diaminothieno[2,3-b]thiophene-2,5-dicarboxylate [2.1] 

This compound was made by a modification of the 

literature procedure.9,12 The reaction was performed 

under inert atmosphere and dry conditions. To 40 ml of 

abs. ethanol was added 11.8 gram (0.17 mol) of sodium 

ethoxide portion wise. The mixture was then stirred untill 

all of the sodium ethoxide was dissolved and extra abs. ethanol was added to get a total of  

52.5 ml. From this solution 30 ml was placed into a second flask and 6.8 gram (0.1 mol) of 

malonitrile was added at once, causing the mixture to turn salmon colored. The turbit 

mixture was then stirred for 30 min before it was cooled to 0 oC. At 0 oC, 3 ml of CS2 (0.1 

mol total) was added dropwise keeping the temperature below 10 oC. After addition the 

mixture was stirred for 15 min before 15 ml of sodium ethoxide was added in one portion. 

The mixture was stirred for 15 min before 1.5 ml of CS2 was added dropwise keeping the 

temperature below 10 oC. After a third period of 15 min the rest of the sodium ethoxide 

solution was added, followed, after 15 min, by 1.5 ml of CS2. The resulting bright yellow 

suspension was stirred for an additional 30 min allowing the temperature to raise to RT. 

After 30 min 19 ml of ethyl bromoacetate was added dropwise, keeping the temperature 
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below 50 oC. The mixture was then stirred for an additional 2 hr and was then cooled to 0 
oC. While cooling, 15.2  gram (1.1 mol) of K2CO3 was added in portions. The cooling was 

removed and the resulting mixture was refluxed overnight. After cooling to RT the mixture 

was poured into 200 ml  ice water and the precipitate  was collected by centrifugation and 

dried at 50 oC in vacuo. Recrystallation from a liter of acetonitrile gave 16.2 gram (0.054 mol,  

54%) of a brown powder.  
1H NMR (300 MHz, DMSO) δ = 7.14 (s, 4H), 4.23 (q, J=7.1 Hz, 4H), 1.27 (t, J=7.1 Hz, 6H). 
13C NMR (75 MHz, DMSO) δ = 172.34, 163.56, 148.75, 147.21, 127.98, 98.38, 59.62, 14.47 

 

diethyl thieno[2,3-b]thiophene-2,5-dicarboxylate [2.2] 

This compound was made according to literature 

procedure.12  To 15.1 gram (0.05 mol) of 2.1 was added 

125 ml of  75% sulfuric acid. This mixture was then 

stirred for 30 min and cooled to 0 oC. 7.6 gram (1.1 mol) 

of NaNO2 in 50 ml of water was then added very slowly, keeping the temperature below 10 
oC. This takes about 4 hr.  After addition the mixture was dark brown and clear. This solution 

was transferred to a dropping funnel and was added dropwise to 250 ml of  a vigorously 

stirred solution of hyprophosphorous acid (50% in water) in a 2 liter flask. After addition the 

mixture was stirred for another 2 h before 400 ml of water was added and the precipitate is 

collected by filtration. The light brown powder was dried at 50 oC in vacuo, yielding 12.8 

gram (0.045 mol, 90%) of the pure product.  
1H NMR (300 MHz, CDCl3) δ = 7.96 (s, 2H), 4.39 (q, J=7.1 Hz, 24H), 1.40 (t, J=7.1 Hz, 6H). 
13C NMR (50 MHz, DMSO) δ = 161.21, 144.78, 136.78, 127.04, 61.24, 14.03 

 

thieno[2,3-b]thiophene-2,5-dicarboxylic acid [2.3] 

This compound was made according to literature procedure.12 5.0 

gram (17.6 mmol) of 2.2 was added to 150 ml of ethanol. To this 

mixture was added 50 ml, 1.5 M NaOH solution. The resulting 

brown solution was refluxed for 5 hrs and then cooled to RT. The ethanol was removed 

under reduced pressure and the residue was poured over a filter. The filtrate was acidified 

(pH 1) with concentrated HCl and the precipitate was collected and washed several times 

with water, dried at 50 °C in vacuum. Resulting in 3.56 gram (15.6 mmol, 89%) of a light 

brown powder.  
1H NMR (200 MHz, DMSO) δ = 8.02 (s, 2H), 3.92 (s, 2H). 13C NMR (50 MHz, DMSO) δ = 

162.01, 146.25, 144.35, 137.65, 126.08 
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thieno[2,3-b]thiophene [2.4] 

The reaction was performed under a nitrogen flow. To 30 ml of N,N-

dimethylacetamide (DMAc) was added 4.0 gram (17.5 mmol) of 2.3 and 6.2 

gram (43.3 mmol) of Cu2O. The mixture was stirred and refluxed for 2-5 hours 

depending on the speed of decarboxylation. The decarboxylation could be followed in time 

by leading the gas outlet trough a saturated Ca(OH)2 solution, which turned turbid upon 

contact with CO2. After the complete decarboxylation the reaction was cooled to RT and 

poured into 200 ml ether. The organic layer was washed several times with 200 ml, 2M HCl 

to remove all DMAc.  The organic layer was separated and filtrated,  dried (Na2SO4) and the 

solvent was removed. The light brown oil was further purified using column chromatography 

(silica, hexanes) yielding 1.41 gram (10.1 mmol, 57%) of a colorless oil  
1H NMR (300 MHz, CD2Cl2) δ = 7.38 (d, J=5.1 Hz, 2H), 7.26 (d, J=5.1 Hz, 2H). 13C NMR (75 

MHz, CDCl3) δ = 146.93, 137.22, 128.09, 119.70. 

 

2,5-bis(trimethyltin)-thieno[2,3-b]thiophene [2.5] 

This compound was made according to literature procedure.7 

The reaction was performed under dry conditions and N2 

atmosphere. 1.8 gram (12.9 mmol) of 2.4 was added to 30 ml 

of dry THF. The mixture was cooled to -78 °C and  14 ml of 2.5M n-BuLi was added 

dropwise over 15 min. The mixture was allowed to warm to RT overnight, then recooled to -

78 °C and 6.2 gram (31.1 mmol) of trimethyltin chloride in 20 ml of dry THF was added at 

once. The mixture was stirred at -78 °C for 4 hours before allowing it to warm up to RT 

overnight. The mixture was then quenched  by addition of 100 ml of water.  The mixture was 

extracted with 100 ml of dichloromethane, washed with 0.2M Na2CO3 and brine, dried with 

Na2SO4 and the solvent was removed under reduced pressure. The residue was 

recrystallized from 20 ml of acetonitrile yielding 3.4 gram (7.3 mmol, 56%) of white crystals. 

1H NMR (201 MHz, CD2Cl2) δ = 7.25 (s, 2H), 0.39 (s, 18H). 13C NMR (50 MHz, CDCl3) δ = 

152.63, 147.96, 142.96, 126.56, -7.97 

 

diethyl 3,4-dimethylthieno[2,3-b]thiophene-2,5-dicarboxylate [ - ] 

This compound was made according to literature 

procedure.12 All glassware was dried before use and 

flushed with N2. The reaction was performed under N2 

atmosphere.  To 50 ml of DMF was added 41.5 gram 

(0.3 mmol) K2CO3  and 10.0 gram (0.1 mol) of pentane-
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2,4-dione. The mixture was mechanically stirred for 30 min and cooled to 0 °C.   9 ml (0.15 

mol) of  CS2 was added dropwise keeping the temperature below 10 °C. The pink mixture 

was stirred for an extra 30 min before 22.0 ml (0.2 mol) of ethyl bromoacetate was added 

dropwise ( T < 10°C).  The mixture was stirred at 0 °C for 4 hours and then allowed to warm 

up overnight.  The mixture was then poured into 300 ml ice water and the precipitate was 

collected and recrystallized from 1.5 L of ethanol to yield 26.1 gram (0.060 mol; 60%) of 

white crystals.  
1H NMR (300 MHz, CDCl3) δ = 4.33 (q, J=7.1 Hz, 4H), 2.85 (s, 6H), 1.36 (t, J=7.1 Hz, 6H). 
13C NMR (75 MHz, CDCl3) δ  162.45, 147.36, 144.93, 140.77, 129.73, 61.02, 14.31, 14.28 

 

3,4-dimethylthieno[2,3-b]thiophene-2,5-dicarboxylic acid [ - ] 

This compound was made according to literature procedure.12 To 

150 ml of ethanol was added 6.2 gram (19.9 mmol) of  diethyl 3,4-

dimethylthieno[2,3-b]thiophene-2,5-dicarboxylate and 4.8 gram of 

KOH in 60 ml water. The mixture was refluxed for 6 hours and then 

cooled to RT.  The ethanol was removed under reduced pressure and the product dissolved 

in the remaining water. The solution was filtered and then acidified (pH 1) resulting in 

presipitation of the product. The precipitate was filtered of and washed with water. The solid 

was dried at 50 °C in vacuum, resulting in 4.94 gram (19.2 mmol, 96%) of white product.  
1H NMR (300 MHz, DMSO) δ = 13.27 (s, 2H), 2.77 (s, 6H). 13C NMR (75 MHz, DMSO) δ = 

163.68, 147.24, 143.70, 139.92, 130.69, 13.87. 

 

3,4-dimethylthieno[2,3-b]thiophene [2.6] 

The reaction was performed under a nitrogen flow. 3.2 gram (12.5 mmol) of 

3,4-dimethylthieno[2,3-b]thiophene-2,5-dicarboxylic acid and 3.63 gram (25.5 

mmol) of Cu2O was added into 30 ml of DMAc.  The mixture was stirred and 

refluxed for 2-5 hours depending on the speed of decarboxylation. The 

decarboxylation could be followed in time by leading the gas outlet trough a saturated 

Ca(OH)2 solution, which turned turbid upon contact with CO2. After the complete 

decarboxylation the reaction was cooled to RT and poured into 200 ml ether. The organic 

layer was washed several times with 200 ml, 2 M HCl to remove all DMAc.  The organic 

layer was separated, washed with brine, filtrated and   dried (Na2SO4). The solvent was 

removed leaving a white powder. Recrystallization from ethanol gave 1.66 gram (9.9 mmol, 

79%) of product.  
1H NMR (300 MHz, CDCl3) δ = 6.86 (s, 2H), 2.48 (s, 6H). 13C NMR (50 MHz, CDCl3) δ = 

146.39, 138.24, 131.12, 123.50, 15.64. 
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2,5-bis(trimethyltin)-3,4-dimethylthieno[2,3-b]thiophene [2.8] 

This compound was made by a modification of the literature 

procedure.7 The reaction was performed under dry conditions 

and N2 atmosphere. To 1.2 gram (7.1 mmol) of 2.6 was 

added 30 ml of dry THF. The mixture was cooled to -78 °C 

and  6.5 ml of 2.5 M n-BuLi was added dropwise over 15 min. The mixture was allowed to 

warm to RT overnight, then cooled to -78 °C and 3.13 gram (15.7 mmol) of trimethyltin 

chloride in 10 ml of dry THF was added at once. The mixture was stirred at -78 °C for 4 

hours before allowing it to warm up to RT over night. The mixture was quenched  by addition 

of 100 ml of water.  The mixture was extracted with 100 ml of dichloromethane. The solution 

was washed with 0.2 M Na2CO3 and brine, dried with Na2SO4 and the solvent was removed 

under reduced pressure. The residue was recrystallized from 20 ml of acetonitrile yielding 

1.84 gram (3.2 mmol, 45%) of white crystals. 
1H NMR (300 MHz, CDl3) δ = 2.50 (s, 6H), 0.38 (s, 18H). 13C NMR (75 MHz, CDCl3)  

δ = 151.26, 147.91, 136.96, 136.80, 17.58, 17.56, -7.83, -7.86, -7.91, -7.95. 

 

diethyl 3,4-diphenylthieno[2,3-b]thiophene-2,5-dicarboxylate [ - ] 

This compound was made according to literature 

procedure.12 All  glassware was dried before use and 

flushed with N2. The reaction was performed under N2 

atmosphere.  To 50 ml of DMF was added 41.5 gram 

K2CO3  (3.0 mol) and 22.5 gram (0.1 mol) of 1,3-

diphenylpropane-1,3-dione. The mixture was 

mechanically stirred for 30 min and cooled to 0 °C. 9 ml 

(0.15 mol) of  CS2 was added dropwise keeping the temperature below 10 °C. The red 

mixture was stirred for 60 min before 22.2 ml  (0.2 mol) of ethyl bromoacetate was added 

dropwise ( T < 10°C).  The mixture was stirred at 0 °C for 4 hours and then allowed to warm 

up overnight.  The mixture was poured into 300 ml ice water and the precipitate was 

collected and recrystallized from 2 L of ethanol to yield 18.6 gram ( 0.043 mol, 43%) of 

yellow crystals.  

1H NMR (300 MHz, CDCl3) δ = 7.02 (t, J=7.3, 1H), 6.92 (t, J=7.4 Hz, 2H), 6.83 (d, J=7.1 Hz, 

2H), 4.13 (q, J=7.1 Hz, 2H), 1.09 (t, J=7.1 Hz, 3H). 13C NMR (300 MHz, CDCl3) δ 161.83, 

145.96, 145.00, 143.46, 133.12, 132.32, 129.29, 127.29, 127.13, 61.36, 14.09 
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3,4-diphenylthieno[2,3-b]thiophene-2,5-dicarboxylic acid [ - ]  

This compound was made according to literature procedure.12 To 

100 ml of ethanol was added 7.0 gram (16.5 mmol) of diethyl 3,4-

diphenylthieno[2,3-b]thiophene-2,5-dicarboxylate and 2.78 gram 

KOH in 50 ml water.  The mixture was refluxed for 6 hours and then 

cooled to RT.  The ethanol was removed under reduced pressure 

and the product was dissolved in (the remaining) water. The solution was filtered and then 

acidified (pH 1) resulting in precipitation of the product. The precipitate was filtered of and 

washed with water. Dried at 50 °C in vacuum, resulting in 4.9 gram (12.9 mmol, 78%) of a 

white powder.  
1H NMR (300 MHz, DMSO) δ = 13.51 – 12.15 (s, 2H), 7.00 (t, J=7.2 Hz, 2H), 6.93 – 6.76 (m, 

8H). 13C NMR : No spectra (insufficient  solubility) 

 

3,4-diphenylthieno[2,3-b]thiophene [2.7] 

The reaction was performed under a nitrogen flow. To 4.0 gram (10.5 

mmol) of 3,4-diphenylthieno[2,3-b]thiophene-2,5-dicarboxylic acid was 

added 20 ml DMAc and 3.7 gram (25.8 mmol) of Cu2O. The mixture was 

stirred and refluxed for 2-5 hours depending on the speed of 

decarboxylation. The decarboxylation could be followed in time by 

leading the gas outlet trough a saturated Ca(OH)2 solution, which turned 

turbid upon contact with CO2. After the complete decarboxylation the reaction was cooled to 

RT and poured into 100 ml ether. The organic layer is then washed several times with 100 

ml, 2 M HCl to remove all DMAc.  The organic layer was separated, washed with brine, 

filtrated and dried (Na2SO4). The solvent was removed leaving a white powder. 

Recrystallization from ether gave 1.63 gram (5.6 mmol, 53%) of off white product.  
1H NMR (300 MHz, CDCl2) δ = 7.21 (s, 2H), 7.05 (d, J=6.0 Hz, 2H), 7.01 – 6.83 (m, 8H). 13C 

NMR (75 MHz, CDCl2) δ  = 143.04, 139.17, 137.29, 135.67, 129.41, 128.07, 127.39, 126.21. 

 

2,5-bis(trimethyltin)-3,4-diphenylthieno[2,3-b]thiophene [2.9] 

This compound was made by a modification of the literature 

procedure.7 The reaction was performed under dry conditions 

and nitrogen atmosphere. To 1.0 gram (3.4 mmol) of 2.7 was 

added 30 ml of dry THF. The mixture was cooled to -78 °C 

and 3.4 ml of 2.5 M n-BuLi was added dropwise over 15 min. 

The mixture was stirred for 4 hrs at -78 °C and then allowed 

to warm up to RT overnight. The mixture was cooled to -78 °C and 1.7 gram (8.5 mmol) of 
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trimethyltin chloride in 10 ml of dry THF was added at once. The mixture was stirred at -78 

°C for 4 hours and then warmed up to RT overnight. After standing overnight the reaction 

was quenched  by addition of 50 ml of water.  The mixture was extracted with 100 ml of 

dichloromethane, washed with 0.2 M Na2CO3 and brine, dried with NaSO4 and the solvent 

was removed under reduced pressure. The residue was recrystallized from diethyl ether 

yielding 1.541 gram (2.5 mmol,  73%)  of  white crystals.  
1H NMR (300 MHz, CDCl3) δ = 6.98 (t, J=7.1, 2H), 6.89 (t, J=7.4 Hz, 4H), 6.82 (d, J=7.1 Hz, 

4H), 0.04 (s, 18H). 13C NMR (75 MHz, CDCl3) δ = 147.71, 145.58, 142.03, 139.14, 135.72, 

128.10, 125.66, 125.02, -9.01. 

 

3-hexylthiophene [ - ] 

This compound was made according to literature procedure.26 The reaction 

was performed under dry conditions and N2 atmosphere.  2.4 grams (0.10 mol) 

of magnesium was activated by stirring with glass chips for 2 hours. 20 ml of 

dry ether was added and 19.8 grams of hexylbromide (0.12 mol) was added dropwise. After 

all the magnesium had reacted the solution was cooled to 0 °C and 13.0 gram of 3-

bromothiophene (0.08 mol) and 60 mg of Ni(dppp)Cl2 was added. This was left to react 

overnight. Water was added dropwise to quench the reaction. The mixture was filtrated and 

extra ether was added to extract the product. The organic layer was washed with NH4Cl, 

water and brine. The solvent was removed under reduced pressure yielding the crude 

product. Further purification was done using vacuum distillation, the main fraction collected 

as a colorless oil at 2.95 torr at 65˚C. Yield 10.7 gram (80%) 
1H-NMR (300 MHz, CDCl3) δ: 7.23 (dd, J = 4.8, 3.0 Hz, 2H), 6.93 (t, J= 5.1 Hz, 1H), 2.64 (t, 

J= 7.65, 2H), 1.69 - 1.53 (m, 2H), 1.39 – 1.15 (m, 6H), 0.87 (t, J = 6.5 Hz, 3H) 13C-NMR (50 

MHz, CDCl3) δ: 143.26, 128.27, 125.01, 119.73, 31.69, 30.53, 30.28, 29.01, 22.61, 14.08. IR 

(neat) cm-1: 3105, 3050, 2926, 2856, 1537, 1465, 1409, 1378, 1329, 1234, 1153, 1079, 856, 

835, 771, 681, 660, 633 

 

2-bromo-3-hexylthiophene [ - ]  

This compound was made according to literature procedure.22 The reaction 

was performed under nitrogen atmosphere and with exclusion of light. 3.0 

gram (17.83 mmol) 3-hexylthiophene was added to 30 ml 50:50 (v/v) acetic 

acid and chloroform. The solution was cooled to 0 °C and 3.17 gram (17.83 mmol) N-

bromosuccinimide was added in portions over 1 hour. The solution was stirred overnight and 

then poured into 200 ml of  2 M HCl. The product was extracted with 100 ml of chloroform 

and the organic layer was washed several times with water and then with brine. The solvent 
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was removed under reduced pressure. The crude product was purified using column 

chromatography (silica, hexane). Yield  4.22 gram (96%) of a slightly yellow oil.   
1H-NMR (300 MHz, CDCl3) δ: 7.18 (d, J= 5.6 Hz, 1H), 6.79 (d,  J= 5.6 Hz, 1H), 2.56 (t, J= 

7.5 Hz, 2H), 1.66 - 1.49 (m, 2H), 1.42 - 1.23 (m, 6H), 0.89 (t,  J= 6.5 Hz, 3H). 13C-NMR (75 

MHz, CDCl3) δ: 141.97, 128.23, 125.11, 108.89, 31.62, 29.70, 29.39, 28.89, 22.591, 14.07 

 

5,5'-dibromo-4,4'-dihexyl-2,2'-bithiophene [2.10] 

The reaction was performed under dry conditions and under nitrogen 

atmosphere. 1.35 grams (13.34 mmol) of diisopropylamine in 25 ml 

THF was cooled to 0°C and to this solution was added dropwise 

7.58 ml of 2.5 M n-BuLi in hexane dropwise. The solution was stirred 

for 30 min at 0 °C and then cooled to -78 °C.  3.00 grams (12.13 

mmol) of 2-bromo-3-hexylthiophene in 10 ml THF was added dropwise. After 1 hour 2.04 gr. 

(15.14 mmol) of CuCl2 was added in one portion and the mixture was stirred for an hour at -

78°C. The mixture was allowed to warm up to RT overnight. The reaction was quenched by 

slow addition of 50 ml aqueous NH4Cl. The product was extracted with ether and the 

solution was  washed extensively with 2M HCl solution,  water and brine, dried with MgSO4 

and the solvent was removed under reduced pressure.  The crude product was  purified by 

column chromatography (silica, hexane) and recrystallized at -18 °C from hexanes. Yielding 

1.71 gram of a thick yellow oil (RT)  (57%). 
1H-NMR (300 MHz, CDCl3) δ: 6.75 (s, 2H), 2.50 (t, J= 7.6 Hz, 4H), 1.67 - 1.48 (m, 4H), 1.40 

- 1.09 (m, 14H), 0.89 (t, J= 6.6 Hz, 6H). 13C-NMR (50 MHz, CDCl3) δ: 143.20, 136.38, 

124.69, 108.09, 31.82, 29.82, 29.78, 29.11, 22.81, 14.31. IR (neat) cm-1: 2955, 2926, 2856, 

1641, 1590, 1537, 465, 1414, 1377, 1173, 1096, 1011, 821, 725, 647 

 

 3-octylthiophene [ - ] 

This compound was made according to literature procedure.26 The reaction 

was performed under dry conditions and under nitrogen atmosphere.  1.44 

gram (0.06 mol)  of magnesium turnings  were activated by stirring with 

crushed glass for 30 min before 20 ml of dry ether was added. 12.94 gram 

(0.067 mol) of 1-bromooctane in 20 ml dry ether was then added dropwise and after 

complete addition of 1-bromooctane the mixture was refluxed for an extra hour. Cooled to 0 

°C and 20 mg (0.037 mmol ) of Ni(dppp)Cl2 was added followed by the dropwise addition of 

10.0 gram (0.061 mol)  of 3-bromothiophene. After addition the reaction mixture was 

refluxed over night, cooled to RT and quenched by slow addition of 50 ml of  NH4Cl solution.  
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The product was obtained by extracting several times with diethylether. The combined 

organic layers were washed with brine and dried over Na2SO4 and the solvent was removed 

under reduced pressure. The crude product was purified using column chromatography 

(silica gel, hexane) followed by vacuum distillation (110 ˚C, 5 torr). The product was 

obtained as a colorless liquid (6.38 gram, 53%)  
1H-NMR (300 MHz, CDCl3) δ 7.23 (dd, J=4.8, 3.0 Hz, 1H),  6.93 (t,  J=5.1 Hz, 2H) , 2.62 (t, 

2H, (t, J=7.5 Hz, 2H), 1.66 - 1.59 (m, 2H),  1.34 - 1.25  (m, 12H), 0.89 (t, J=6.6 Hz, 3H).  13C-

NMR (50 MHz, CDCl3) δ 143.52, 128.53, 125.25, 119.97, 32.13, 30.81, 30.53, 29.68, 29.60, 

29.52, 22.92, 14.35. 

 

2-bromo-3-octylthiophene [ - ]  

This compound was made according to literature procedure.22 The reaction 

was performed under nitrogen atmosphere and exclusion of light. 5.0 gram 

(0.025 mol) of 3-octylthiophene was dissolved in 50 ml  cooled (ice/salt bath) 

DMF and to this mixture 4.53 gram (0.025 mol) of  N-bromosuccinimide  in 50 ml DMF was 

added dropwise over one hour. The mixture was then stirred at -4 ˚C for 4 hrs after which it 

was allowed to warm up to RT over night.  The mixture was then poured into 200 ml of 2M 

HCl solution and extracted with DCM and the combined organic layers where washed with 

brine. The solvent was removed under reduced pressure and the raw product was purified 

by a flash column (silica, hexane) and two vacuum distillation steps (105 ˚C, 1 torr). The 

product was obtained as a colorless liquid (4.17 gram, 60%). 
1H NMR (300 MHz, CDCl3) δ 7.17 (d, J=5.6 Hz, 1H), 6.79( d, J=5.7 Hz, 1H), 2.56 (t, J=7.5 

Hz, 2H), 1.65 - 1.49 (m, 3H), 1.38-1.22 (m, 12H), 0.88 (t, J=6.5 Hz, 3H). 13C-NMR (50 MHz, 

CDCl3) δ 142.23, 128.45, 125.33, 32.09, 31.16, 29.96, 29.604, 29.46, 22.89, 14.34. 

 

5,5’-dibromo-4,4’-dioctyl-2,2’-bithiophene [2.11] 

The reaction was performed under dry conditions and under nitrogen 

atmosphere. 0.78 gram (7.7 mmol) diisopropylamide was added to 

30 ml of  dry THF and the solution was cooled to  0 ˚C.  2.8 ml of 2.5 

M n-BuLi in hexanes (7 mmol) was added dropwise keeping the 

temperature below  5 °C. The mixture was stirred for an extra 30 min 

before cooling to  -78 ˚C.  2.0 gram of  2-bromo-3-octylthiophene  (7 mmol)  in 10 ml dry 

THF was added dropwise and stirred for an additional hour at -78 ˚C, followed by the 

addition of copper(II)chloride (1.17 g, 8.6 mmol) in one portion and the mixture was stirred 

for an extra hour at -78°C. The cooling was removed and the mixture was allowed to warm 

up to RT overnight. The reaction mixture was then quenched by dropwise addition of 50 ml 
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of aqueous NH4Cl. The product was extracted with DCM and the organic layer was washed 

extensively with 2 M HCl solution,  water and brine dried with Na2SO4 and the solvent was 

removed under reduced pressure.  The crude product was purified by column 

chromatography (silica, hexane) and recrystallized from hexane yielding bright yellow 

crystals (1.26 gram, 61%). mp 38-40 ˚C.  
1H NMR (300 MHz, CDCl3) δ 6.77 (s, 2H),  2.51 (t,  J= 8.7 Hz, 4H), 1.70 - 1.41 (m, 4H),  1.42 

- 1.13 (m,  26H),  0.87 (t, J= 6.9 Hz, 6H). 13C-NMR (50 MHz, CDCl3) δ 143.18, 136.36, 

124.67, 108.07, 32.09, 29.85, 29.77, 29.59, 29.43, 22.89, 14.34. 

 

3-decylthiophene [ - ] 

This compound was made according to literature procedure.26 The reaction 

was performed under dry conditions and nitrogen atmosphere.  40.45 ml (192 

mmol) decyl bromide in 125 ml ether was added dropwise to 4.760 g (196 

mmol)  of activated magnesium in 62.5 ml ether. The resulting reaction 

mixture was refluxed for an additional 60 min and was then added dropwise to a cooled 

(ice/salt bath)  solution of 12.25 ml (130 mmol) 3-bromothiophene and 125 mg (0.23 mmol) 

Ni(dppp)Cl2. The reaction mixture was stirred overnight at room temperature. The reaction 

was quenched by slow addition of 125 ml water, followed by extraction with ether and drying 

of the ether layer with NaSO4. The solvent was removed under reduced pressure and the 

resulting crude brown oil was purified using column chromatography (silica gel, hexane) to 

give 27.90 gram (124 mmol, 95.1%) of product as a colorless liquid.  
1H NMR (CDCl3, 300 MHz): δ 7.24 (dd, J= 2.4 Hz, 3.0 Hz ,1H), 6.93 (t, J= 4.7 Hz, 2H),  2.62 

(t, J= 7.7 Hz, 2H),  1.701-1.54 (m, 2H),  1.40-1.24 (m, 14H),  0.89 (t, J = 6.4 Hz, 3H). 13C 

NMR (CDCl3, 75 MHz): δ 140.74, 125.75, 122.50, 117.24, 29.44, 28.10, 27.81, 27.24, 27.15, 

27.07, 26.89, 26.71, 20.22, 11.63 

 

2-bromo-3-decylthiophene [ - ] 

This compound was made according to literature procedure.22 The reaction 

was performed under nitrogen atmosphere and with exclusion of light. 11.98 

gram (66.8 mmol) N-bromosuccinimide (NBS) in 50 ml DMF was added 

dropwise to a stirred solution of 15.0 gram (66.8 mmol) of 3-decylthiophene in 75 ml DMF at 

RT. The mixture was then poured into 200 ml of 2 M HCl solution and extracted with DCM 

and the combined organic layers where washed with brine. The organic layer was dried over 

Na2SO4 and the solvent was removed to give 18.49 gram crude product as a clear yellow oil. 

The crude product was distilled under reduced pressure (160°C, 17 mtorr) to give 17.16 

gram (56.6 mmol, 85%) of pure product as a colorless liquid.  



Design and synthesis of stable non-functionalized polythiophenes 

  69 

1H NMR (CDCl3, 300 MHz): δ 7.18 (d, J=5.6 Hz, 1H), 6.80 (d, J= 5.6 Hz, 1H), 2.56 (t, J= 7.2 

Hz, 2H), 1.74 - 1. 45 (m, 2H), 1.42 - 1.20 (m, 14H),  0.89 (t, J= 6.6 Hz, 3H). 13C NMR 

(CDCl3, 75 MHz): δ 141.95, 128.21, 125.07, 108.76, 35.37, 31.89, 29.73, 29.60, 29.56, 

29.39, 29.32, 29.21, 22.68, 14.11 

 

5,5'-dibromo-4,4'-didecyl-2,2'-bithiophene [2.12] 

The reaction was performed under dry conditions and nitrogen 

atmosphere. 5.32 gram (52.6 mmol) diisopropylamine was added to 

80 ml of THF and the solution was cooled to 0°C.  19.12 ml (47.8 

mmol) of 2.5 M n-BuLi in 20 ml of dry THF was added dropwise. 

The resulting mixture was stirred at 0°C for 30 min before cooling to 

-78°C and subsequent dropwise addition of 14.5 gram (47.8 mmol) 2-bromo-3-

decylthiophene in 40 ml THF. The reaction mixture was stirred 60 min at -78 °C, before  8.0 

g (58.8 mmol) copper(II)chloride was added in one portion. The reaction mixture was kept at 

-78 °C for 30 min in which the color of the reaction mixture changed from clear 

green/turquoise to clear blue to clear purple to clear brown to turbent brown. The cooling 

was removed and the reaction mixture was allowed to warm up to RT overnight. The 

reaction mixture was worked up by acidification with dilute hydrochloric acid to neutral pH 

followed by extraction with ether (3 x 150 ml), washing the combined ether layers with water 

(2 x 150 ml) followed by drying of the ether layer over NaSO4. The solvent was removed 

under reduced pressure and the resulting brown oil was purified using column 

chromatography (silica gel, hexane) to give 14.72 gram crude product. The crude product 

was dissolved in a small amount of chloroform and precipitated in methanol, cooled to 0°C, 

dried under vacuum at RT and finally recrystallized from ethyl acetate to give 12.1 gram (20 

mmol, 84%)  of product as fluffy bright yellow crystals.  
1H NMR (CDCl3, 300 MHz): δ 6.75 (s, 2H), δ 2.50 (t, J= 7.6 Hz, 4H), 1.67 - 1.43 (m, 4H),  

1.42 - 1.12 (m, 28H), δ 0.89 (t, J= 5.8Hz, 6H).  13C NMR (CDCl3, 300 MHz): δ 142.93, 

136.15, 124.41, 107.84, 31.90, 29.62, 29.53, 29.39, 29.34, 29.20, 22.69, 18.42, 14.13 
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General Polymerization procedure using Stille polymerization 30 

All reactions were performed under anhydrous conditions under a nitrogen atmosphere. To 

a three-necked flask of stirring solvent were added equal molar quantities of both 

monomers. The solution was then sparged with dry nitrogen for 10 min before the addition of 

5 mol% Pd(PPh3)4 and an additional 10 min of sparging. The mixture was heated to reflux 

and stirred for 24 h, cooled to RT, and the solvent removed by rotary evaporation. The 

remaining residue was dissolved in a minimal amount of CHCl3 and precipitated by pouring 

slowly into 1 L of CH3OH. To facilitate the precipitation, 1 ml of concentrated HCl was then 

added. The resulting slurry was stirred for an hour and the precipitate collected by 

centrifugation at 4000 rpm for 10 min and dried in vacuo. The crude polymer was then 

purified in a Soxhlet extractor using CH3OH, acetone, and CHCl3, in which the purified 

polymer dissolved before being re-precipitated into cold CH3OH and dried in vacuo. 

 

Poly(2,5-bis(3-decylthiophen-2-yl)thieno[2,3-b]thiophene) (P2-1) 

600 mg (1.3 mmol) 2.5, 774 mg (1.3 mmol)  2.12 and 75 

mg Pd(PPh3)4 were reacted in a mixture of 17 mL dry 

DMF and 80 mL dry toluene according to the general 

Stille polymerization procedure. Pure polymer (659 mg, 

87%) was  obtained as a dark red powder.   

1H-NMR (300 MHz, CDCl3) δ = 7.42-7.14 (b, 2H), 7.14-

6.91 (b, 2H), 3.01-2.41 (b, 4H), 1.98-1.52 (b, 4H), 1.52-1.13 (b, 28H), 1.05-0.73 (b, 6H). 

GPC: 10100 g/mol (Mn), 20200 g/mol (Mw), 33800 g/mol (Mz), 2.0 (PDI) 

 

Poly(2,5-bis(3-decylthiophen-2-yl)-3,4-diphenylthieno[2,3-b]thiophene) (P2-2) 

560 mg (0.9 mmol) 2.9, 545 mg (0.9 mmol)  2.12 and 59 

mg Pd(PPh3)4  were reacted in a mixture of 16 ml dry 

DMF and 75 ml of dry toluene according to the general 

Stille polymerization procedure. Pure polymer (337 mg, 

51%) was obtained as a orange powder.  

1H-NMR (300 MHz, CDCl3) δ = 7.38-6.33 (b, 14H), 2.63-

1.97 (b,4H), 1.80-1.44 (b, 4H), 1.44-0.98 (b, 28H), 0.98-0.75 (b, 6H). GPC: 3500 g/mol (Mn), 

6700 g/mol (Mw), 12200 g/mol (Mz), 2.0 (PDI) 
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Poly(2,5-bis(3-decylthiophen-2-yl)-3,4-dimethylthieno[2,3-b]thiophene) (P2-3) 

968 mg (2.0 mmol) 2.8, 1200 mg (2.0 mmol) 2.12 and 

116 mg Pd(PPh3)4 were reacted in a mixture of 32 ml 

dry DMF and 150 ml of dry toluene according to the 

general Stille polymerization procedure. Pure polymer 

(1.13 gram , 92%) was obtained as a  green powder.  

1H-NMR (300 MHz, CDCl3) δ = 7.29-6.89 (b, 2H), 3.12-2.00 (b, 10H), 1.88-1.46 (b, 4H), 

1.47-0.99 (b, 28H), 0.99-0.67 (b, 6H). GPC: 14100 g/mol (Mn), 32700 g/mol (Mw), 56000 

g/mol (Mz), 2.3 (PDI) 

 

Experimental procedure mobility measurements 

The OFETs were processed using heavily n-doped silicon wafers as bottom gate electrode, 

with a 200 nm thick thermally grown silicon oxide layer as bottom insulator with a 

capacitance of 17 nF·cm-2. Interdigitating gold source and drain electrodes were patterned 

on top of the oxide layer by conventional lithography, with a channel length that varied from 

10 to 40 �m and a channel width of 10000 �m. The oxide layer was treated with the primer 

hexamethyldisilazane (HMDS) in order to make the surface hydrophobic to improve wetting 

and prevent charge trapping at the interface. The described FET-substrates were provided 

by Philips Research Laboratories Eindhoven. P2-1, P2-2 and P2-3 were dissolved in 1,2-

dichlorobenzene and spin-coated on top of the prefabricated substrates. The films were 

annealed at 125 ºC on a hotplate for 30 minutes. Finally, 60 nm Ag was evaporated through 

a shadow mask as top gate electrode. Transfer and output characteristics of the OFETs 

were recorded in vacuum (<10-5 mbar) and in the dark at room temperature, using a Keithley 

4200 semiconductor parameter analyzer. The lowest current limit measurable by the 

Keithley 4200 is 1-10 nA. 
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